IMPORTANCE Endoscopic dilation is the mainstay treatment strategy for subglottic and proximal tracheal stenosis (SGS/PTS). Its major limitation is restenosis requiring repeated surgery. Intralesional steroid injection (ISI) is a promising adjunctive treatment aimed at prolonging the effects of dilation.
S ubglottic and proximal tracheal stenosis (SGS/PTS) in adults has 3 main etiologies. The most common of these is trauma from a long-term indwelling endotracheal or tracheotomy tube, 1 which causes pressure necrosis of the respiratory mucosa. This results in an inflammatory response, producing granulation tissue and eventually mature scar. 2 Subglottic and proximal tracheal stenosis also occurs in an idiopathic form (iSGS), or as a manifestation of rheumatologic disease (most commonly granulomatosis with polyangiitis [GPA] ). Regardless of etiology, untreated SGS/PTS causes dyspnea that in its mildest forms limits activity and negatively impacts patients' quality of life, 3 and in its most severe form is lifethreatening. Broadly, surgical treatment of SGS/PTS includes endoscopic and open procedures. Endoscopic treatment entails scar resection, scar lysis, dilation, or a combination of these. Endoscopic treatment has become increasingly common in recent years with the incorporation of the carbon dioxide (CO 2 ) laser into the practice of otolaryngology, as well as advances in laryngeal instrumentation. The major shortcoming of endoscopic treatment of SGS/PTS is the frequent need for repeated surgery owing to restenosis. 4 Previous work on iSGS has found increased levels of proinflammatory cytokines. 5 In addition, animal models of airway stenosis have revealed decreased responsiveness of submucosal fibroblasts to anti-inflammatory mediators in stenotic lesions. 6 Thus, stenosis and restenosis after dilation likely occur in an altered wound-healing environment resulting from a hyperinflammatory response to injury. 7 Given this pathophysiology, adjunctive treatments to modulate the inflammatory response have been investigated as methods of prolonging the effects of dilation and reducing the need for additional operations. These include systemic antibiotics; topical or intralesional antineoplastic compounds, such as mitomycin C (MMC) or fluorouracil [8] [9] [10] ; and systemic, inhaled, or intralesional corticosteroids. [11] [12] [13] Each of these adjuncts has shown mixed results in the treatment of SGS/PTS 11 ; none have become standard treatment owing to the small numbers of patients and short follow-up periods in most studies, as well as concern for toxic effects associated with some of these agents. In summary, a widely accepted treatment algorithm has not been defined, and as a result treatment varies considerably among clinicians and institutions. 14 Bonchek 12 first described the use of intralesional steroid injection (ISI) in combination with serial dilations in a tracheotomy-dependent pediatric patient with SGS/PTS, eventually achieving decannulation with no residual respiratory symptoms. Since then, other studies have suggested that ISI at the time of dilation in the operating room may prolong the effects of dilation in patients with GPA-related SGS/PTS. [15] [16] [17] More recently, the concept that serial ISI may be more effective than a single ISI in the operating room was adopted from the treatment of keloids and hypertrophic scars. 18 Serial inoffice ISI in airway stenosis were first described by Franco et al 19 and have been shown to be effective as a sole treatment strategy or as an adjunct to surgery in patients with iSGS. To our knowledge, there are no other reports of the safety and efficacy of serial in-office ISI. This technique is particularly appealing because it can be performed in unsedated patients with routinely available equipment, and may reduce the surgical burden on patients with SGS/PTS. In this study, we describe our experience with serial in-office ISI as an adjunctive treatment to endoscopic dilation, and in some cases a sole treatment strategy, for SGS/PTS of multiple etiologies.
Methods
Under a protocol approved by the institutional review board at the University of Southern California we conducted a retrospective review of all adult patients with SGS/PTS who underwent at least 2 consecutive in-office ISI at the Keck Hospital of USC between September 2013 (adoption date of inoffice ISI at our institution) and November 2016 (beginning of data collection for this study). Given the retrospective nature of the study, the institutional review board granted a waiver of informed consent. Billing records were queried by International Classification of Diseases, Ninth Revision (ICD-9) and International Statistical Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10) diagnosis codes (ICD-9 478.47 and 519.19, ICD-10 J38.6 and J39.8) to identify patients with SGS/PTS. Records generated via this search were reviewed for eligibility and cross-referenced with individual records of surgeons performing ISI during the study period. Patients with SGS extending into the proximal trachea were included; patients with distal tracheal, glottic, or supraglottic stenosis were excluded. Subglottic steroid injections were performed as follows. The nose was anesthetized and decongested with a pressurized aerosol nasal sprayer with 4% lidocaine and phenylephrine. Two to 4 mL of 4% lidocaine was delivered via transtracheal injection or laryngeal gargle for topical laryngeal anesthesia. A flexible distal chip nasolaryngoscope (Kay-PENTAX, Olympus) was inserted transnasally to the level of the subglottis. For most patients, a 1.5-inch 25-gauge needle was passed through the cricothyroid space and used to inject 1 to 2 mL of triamcinolone 40 mg/mL into multiple locations in the region of stenosis. This technique is depicted in Figure 1A -C. In a few cases, the injection was performed via
Key Points
Question Are serial in-office intralesional steroid injections (ISI) effective in reducing the surgical burden in patients with subglottic and proximal tracheal stenosis (SGS/PTS)?
Findings In this case series of 24 patients with SGS/PTS of multiple etiologies underwent serial in-office ISI either alone or following endoscopic dilation. Mean surgery-free interval (SFI) compared favorably with those reported by others. Patients with previous dilations underwent fewer dilations after ISI than before, and overall had longer SFI after than before ISI. Most patients did not require surgery after ISI.
Meaning Serial in-office ISI can be effective both as a primary treatment and as an adjunct to dilation in patients with SGS/PTS, and are safe and well tolerated.
the working channel of a laryngoscope using a 200-cm 25-gauge needle. Triamcinolone was chosen for this purpose given its wide use and demonstrated efficacy as an intralesional treatment for keloids and hypertrophic scars, 18 as well as prior use in iSGS. 19 Per institutional protocol, patients who underwent endoscopic dilation were treated with inhaled corticosteroids for 1 month and oral trimethoprim-sulfamethoxazole for 2 to 4 weeks postoperatively. 20 The ISI were performed as a planned series of 3 to 6 injections spaced 3 to 6 weeks apart. Patients were then followed with serial examinations, and injections were reinitiated if there was evidence of recurrent stenosis.
Outcome measures included surgery-free interval (SFI), number of endoscopic dilations performed, need for open airway surgery, decannulation rate, and adverse events. The SFI was defined as the time between dilation and the first subsequent dilation or open surgery for treatment of airway stenosis. Follow-up time was defined as the time between the first visit with any otolaryngologist at our institution and the last documented follow-up date. Patients who did not undergo additional airway surgery before their last follow-up date were censored at this date. For patients with known surgical history before the course of dilation with serial ISI, pre-ISI and post-ISI SFI were calculated and compared. Patients with previous dilations with follow-up time longer than prior SFI were included in a comparative analysis of SFI before and after ISI. Categorical variables were described using frequency and percentage. Continuous variables were described using mean, standard deviation, and range. Statistical analysis was performed using Microsoft Excel 2010 (version 14, Microsoft Inc) and SPSS Statistics software (version 24.0, IBM). Effect sizes were estimated with the use of 95% confidence intervals (CI).
Results
Twenty-four patients met eligibility criteria. Eighteen (75%) were women, 6 (25%) were men. The mean (SD) age was 50.1 (15.2) years (range, 19-76 years). Mean (SD) follow-up time was 32.3 (33.4) months (range, 5-168 months). Ten patients (42%) had idiopathic SGS/PTS, 8 (33%) had traumatic SGS/PTS, and 6 (25%) had SGS/PTS related to rheumatologic disease. Of these 6 patients, 4 (67%) had GPA-related SGS/PTS, 1 (17%) patient had rheumatoid arthritis/systemic lupus erythematosus overlap syndrome, and 1 (17%) patient had rheumatoid factor/ cyclic citrullinated peptide-positive, cytoplasmicantineutrophil cytoplasmic antibody (C-ANCA)-negative inflammatory arthritis.
Ten (41.7%) patients had Cotton-Myer grade 1 stenosis, 3 (12.5%) had grade 2, 5 (20.8%) had grade 3, and 5 (20.8%) had grade 4 stenosis. In 1 (4%) patient, grade of stenosis was unable to be determined from the available records. Mean (SD) length of stenosis was 1.38 (0.54) cm (range, 0.5-2.75 cm). Most patients (18, 75%) had stenosis limited to the subglottis. Six (25%) patients had subglottic stenosis extending into the proximal trachea. Patient characteristics are summarized in the eTable in the Supplement.
Patients underwent a mean (SD) of 4 (2) injections (range 2-9). Two patients received at least 1 additional ISI several months after their planned initial series of injections. None of these patients have gone on to require subsequent endoscopic dilation or open airway surgery. Figure 1D -I, depicts representative images before and after serial ISI treatment. Figure 2 is a flowchart depicting the clinical course of ISI and surgical interventions for all patients in this series.
Mean (SD) SFI was 17.8 (10.5) months overall, and was 15.7 (10.6) months for idiopathic, 13.8 (9.9) months for traumatic, and 26.7 (16.9) months for rheumatologic-related SGS/PTS. Mean SFI was longer for rheumatologic compared with traumatic SGS/PTS (mean difference, 12.9 months; 95% CI, −0.8 to 26.5 months) and compared with idiopathic SGS/PTS (mean difference, 11.0 months; 95% CI for difference, −2.1 to 24.1 months). Mean SFI was marginally longer for idiopathic compared with traumatic SGS/PTS (mean difference, 1.9 months; 95% CI, −10.1 to 13.9 months).
Seventeen (70.8%) of 24 patients overall have not required surgery after the ISI series. By subgroup, 6 (60%) of 10 patients with idiopathic, 6 (75%) of 8 with traumatic, and 5 (83.3%) of 6 with rheumatologic-related stenosis have not required surgery after ISI.
Twenty-one (87.5%) of 24 patients had undergone dilation prior to ISI ( 
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sufficient follow-up time to compare SFI before and after ISI. Six (75%) of 8 had longer SFI after than before ISI; mean (SD) SFI increased from 10.1 (7.7) months before to 22.6 (15.6) months after ISI (mean difference, 12.5 months; 95% CI, −2.1 to 27.2 months). For six of these 8 patients, history of treatment with adjuvants to dilation is known. Mean SFI after ISI was longer for the 3 patients who had been previously treated with topical MMC than the 3 who had not (mean difference, 23.3 months; 95% CI, −6.5 to 53.1 months). There were insufficient numbers of patients to make comparisons based on prior treatment with intralesional steroid injection in the operating room at the time of dilation. Figure 3 is a Kaplan-Meier curve depicting time to next dilation for the 8 patients with multiple dilations pre-ISI (dashed line), and for the entire cohort (solid line). The 19 patients with known surgical history had undergone a mean (SD) 2.32 (2.30) dilations prior to the series of ISI. For all 24 patients in this series, post-ISI surgical history is known. Patients have undergone a mean (SD) of 0.79 (2.26) dilations after ISI (mean difference, 1.53; 95% CI, −0.14 to 3.19). Excluding the 2 nonresponders described below, the mean (SD) number of dilations after ISI was 0.23 (0.53).
Three patients in our series with idiopathic SGS/PTS, including 1 who had undergone 10 prior dilations, underwent serial ISI as sole treatment for their stenosis/recurrence at our institution.
We classified 2 (8.3%) patients in this study as nonresponders based on SFI before and after ISI. One patient was a man with Cotton-Myer grade 3 traumatic stenosis of the subglottis and proximal trachea 2.4 cm in length. This patient underwent ISI and several subsequent dilations, and is currently T-tube dependent. He has cartilaginous tracheal collapse and several severe medical comorbidities, which have precluded open airway surgery.
The second nonresponder was a man with GPA-related Cotton-Myer grade 1 stenosis of the distal subglottis and proximal trachea 1.5 cm in length. He underwent 2 dilations at approximately 2-year intervals prior to presentation at our center. He subsequently underwent 3 ISI, 1 dilation, and 3 additional ISI. He has not required further surgery for the past 21 months of follow-up.
Three (12.5%) patients underwent open airway surgery prior to ISI; none required open airway surgery after ISI. Six patients with traumatic SGS/PTS presented with a tracheotomy. Three (50%) were decannulated in the course of treatment with dilation and ISI. There were no adverse events associated with ISI. Table 2 presents patient characteristics and key outcome measures by etiologic subgroup.
Discussion
Our experience supports the use of in-office ISI as an effective adjunct to endoscopic dilation for SGS/PTS as evidenced by a mean SFI that compares favorably with those reported by others. 9, 10 In addition, this study provides evidence that ISI reduces the surgical burden on patients with SGS/PTS. On average, patients underwent fewer dilations after ISI than before, and most patients did not require surgery after ISI. Among patients with multiple previous dilations and sufficient follow-up time to compare SFI before and after ISI, mean SFI was longer after than before ISI. No patients required open airway surgery after ISI. These findings applied to patients with SGS/ PTS of all etiologic subgroups. Furthermore, although evidence is preliminary, serial ISI may be used in lieu of dilation for patients presenting early in the inflammatory stage or without critically narrow stenosis. This was demonstrated in our cohort by 2 patients from the idiopathic SGS/PTS subgroup who achieved symptom control with serial ISI alone and did not require airway surgery. Three additional patients who had initial endoscopic dilation have undergone serial ISI alone for recurrence of disease and have not required further surgery. This includes 1 patient who had undergone 10 previous dilations at outside institutions at 1-year intervals. Taken together, these data suggest that ISI have clinical benefit independent of dilation. In patients with idiopathic or rheumatologic-related SGS/PTS without cartilaginous framework collapse, serial in-office ISI is a safe and welltolerated treatment option that may control symptoms and obviate the need for airway surgery under general anesthesia. In patients with noncritical recurrence, we recommend considering a series of 2 to 3 ISI spaced 3 to 4 weeks apart, with progression to surgery if symptoms fail to improve. Inflammation plays a key role in the pathogenesis of all 3 SGS/PTS subgroups. In traumatic SGS/PTS, indwelling endotracheal or tracheostomy tubes provoke an inflammatory response by submucosal fibroblasts, 21 which eventually results in scarring. 22, 23 There is evidence that the fibroblasts in subglottic scar tissue are phenotypically distinct from those in normal airway mucosa, 24 suggesting that stenosis arises from an altered inflammatory milieu. Similarly, GPA-related SGS/PTS arises from granulomatous inflammation of the subglottis. Disease predilection for the subglottis is thought to be owing to the narrowing of the upper airway at the level of the cricoid ring resulting in turbulent airflow, exposure of the upper airways to gastric acid, and susceptibility to ischemia at the watershed region between laryngeal and tracheal blood supplies. 25 Granulomatosis with polyangiitis-related SGS/PTS is often difficult to differentiate from idiopathic SGS/PTS because airway stenosis may be the presenting or only symptom of GPA, and biopsy and serology results can be negative. Some have suggested that idiopathic SGS is part of a continuum of autoimmune-mediated SGS that also includes GPA-related SGS. 26 Regardless, in all cases, a chronic inflammatory process leads to fibrosis in the subglottis and proximal trachea. The persistence of this abnormal inflammatory environment likely explains restenosis after dilation. Like SGS/PTS, hypertrophic scars and keloids are thought to result from a hyperactive inflammatory response by skin connective tissue. Research on dermal wound healing has demonstrated important physiologic differences between fibroblasts in keloids vs those in normal skin, including hypersensitivity to transforming growth factor β (TGF-β), 27 and resulting wound contraction and collagen synthesis. Intralesional therapies have been developed to target these aberrant signaling and proliferation pathways. In keloids, ISI have been shown to inhibit TGF-β expression, promote fibroblast apoptosis, 28 flatten and soften scars, 29, 30 and decrease recurrence rates after surgical excision. 31 It follows from the common pathogenesis underlying both keloids and airway stenosis that ISI would be similarly effective in both entities; our results support this conclusion.
As of this writing, serial in-office ISI in airway stenosis have only been described for idiopathic SGS/PTS. 19 To our knowledge, this is the first report on the efficacy of serial in-office ISI for SGS/PTS of multiple etiologies. At our institution, the treatment protocol for SGS/PTS amenable to endoscopic intervention involves either endoscopic dilation followed by ISI, or a trial of ISI alone if the stenosis is not critical. The ISI series consists of 3 to 6 in-office injections spaced 3 to 6 weeks apart. Patients are also treated with inhaled corticosteroids for 1 month and oral antibiotics for 2 to 4 weeks postoperatively. In establishing this protocol, we have attempted to target the inflammatory process responsible for both the development and recurrence of stenosis in all 3 subgroups of SGS/PTS. Although most SGS/PTS patients respond to serial inoffice ISI, select patients may not. Patients with cartilaginous tracheal collapse are known poor responders to endoscopic dilation, 32 which does not address the cartilaginous framework. These patients may not be ideal candidates for either ISI or endoscopic treatment of SGS/PTS and should be considered for open airway surgery if endoscopic treatment is not possible or rapid restenosis occurs. There may be other disease characteristics that influence clinical course and response to ISI; more studies are necessary to elucidate this possibility. Generally, unsedated ISI are well tolerated by most patients with the use of topical anesthesia. The preparation for and performance of ISI are similar to the techniques used for other in-office laryngologic procedures. There were no adverse events associated with ISI. These findings demonstrate that ISI is a quick and safe procedure to perform. Finally, work by others has shown that shifting procedures from the operating room to the clinic results in considerable cost savings. 33, 34 Although a comprehensive cost-effectiveness analysis is beyond the scope of this work, it is likely that the short procedure time and lower expense of in-office ISI, combined with the reduced need for surgical intervention in the operating room, reduces the expenses associated with treatment of SGS/ PTS. Further studies are needed to formally evaluate the costeffectiveness of this procedure.
Limitations
Our study is limited by its retrospective nature and small size. A shortcoming of our case series is the lack of a well-matched control group not undergoing ISI. Finally, the study is limited by the short duration of follow-up in some patients, which results in an artificially short SFI. Given airway patency and lack of symptoms in these patients at their most recent follow-up visits, we believe that SFI will increase with additional follow-up time.
Conclusions
This technique reduces the surgical burden on patients with SGS/PTS and may obviate the need for future airway intervention. The impact of serial in-office ISI was demonstrated for SGS/PTS of idiopathic, rheumatologic, and traumatic etiology. In our practice, we found that a treatment algorithm conjoining serial ISI with dilation provides immediate symptom relief with durable airway patency in most SGS/PTS patients, regardless of etiology. Furthermore, we believe ISI may be used as the sole treatment strategy in select patients.
